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Objectives: to define the utility of intraoperative transeophageal echocardiography (TEE) during endovascular thoracic
aortic repair.
Design: retrospective study.
Materials: five patients underwent six transluminal endovascular stent-graft procedures for repair of thoracic aortic
disease.
Methods: after induction of anaesthesia, a multiplane or biplane TEE probe was placed to obtain views of the diseased
aorta. Both transverse and longitudinal planes of the aortic arch and descending thoracic aortic segments were imaged.
The aortic pathology was confirmed by TEE and the proximal and distal extents of the intrathoracic lesion were defined.
Doppler and colour-flow imaging was used to identify flow patterns through the aorta before and after stent-graft
deployment.
Results: visualisation and confirmation of the aortic pathology by ultrasonography was accomplished in all patients.
TEE was able to confirm proper placement of the endograft relative to the aortic lesion after deployment and was able to
confirm exclusion of blood flow into the aneurysm sacs.
Conclusions: TEE may facilitate repair by confirming aortic pathology, identifying endograft placement, assessment of
the adequacy of aneurysm sack isolation, as well as dynamic intraoperative cardiac assessment.
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Introduction advantages of this technique include: (i) a less invasive
procedure, which allows the use of local, regional, or a
light degree of general anaesthesia; (ii) an insignificantThoracic and thoracoabdominal aortic aneurysms are
period of aortic occlusion during graft placement; (iii)serious conditions warranting consideration for elect-
less haemodynamic and metabolic stress to the patient;ive operative repair. The risk of rupture from an
(iv) earlier ambulation and discharge of the patient;untreated thoracic aortic aneurysm is 5–8% per year,
and (v) reduced cost.with a 5-year rate of survival under 20%.1–3 Despite
Although initially these procedures were performedmajor advances in perioperative care for these patients,
using only fluoroscopic guidance, transoesophagealthe operative mortality rate remains high (5–20%).4,5
echocardiography (TEE) can provide additional peri-The high morbidity and mortality rates are secondary
operative information. In this report we describe ourto an elderly patient population, concomitant systemic
experience with the application of TEE during endo-diseases, the need for extensive surgical dissection and
vascular stent-graft repair of descending thoracic aorticexposure, and the necessity for perioperative proximal
disease to confirm the anatomy and aortic pathologies,aortic occlusion imposing extreme stresses on multiple
to locate and position the non-deployed endovascularorgan systems.
stent-graft across the lesion, and to confirm properEndovascular stent-graft placement is a new al-
deployment and lesion exclusion.ternative to conventional surgical repair of aortic path-
ology.6 This technique allows for a minimally invasive
Methods and Materialsrepair of these complex aortic lesions. The theoretical
From February to August of 1997 five patients under-
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went six transluminal endovascular stent-graft pro-of Anaesthesiology, Box 1010, The Mount Sinai Medical Center, One
Gustave L. Levy Place, New York, NY, U.S.A. cedures for repair of thoracic aortic disease. Patients’
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Table 1. Patient characteristics.
Age Medical history Aortic disease
Patient #1 34 Colon cancer, metastasis to Aortic pseudoaneurysm of the distal thoracic aorta extending distally to the
liver proximal aspect of the superior mesenteric artery
Patient #2 45 Hypertension and Takayasu’s Recurrent pseudoaneurysm of the descending thoracic aorta at the site of
arteritis an obstructed previous aortosubclavian graft
Patient #3 52 Hypertension and previous Aortic arch pseudoaneurysm. This patient also presented for a second
thoracic gunshot wound endovascular procedure for persistent leak around the first endovascular
stent-graft
Patient #4 76 Hypertension and end stage Ruptured descending thoracic aortic aneurysm
renal disease
Patient #5 36 Acute gunshot wound to the Thoracic aortic disruption
chest, thoracic spinal cord
transection
ages ranged from 45 to 76 years of age. Past medical
histories and aetiologies for the patients’ aortic path-
ologies are listed in Table 1.
After induction of anaesthesia, a multiplane or bi-
plane TEE probe (Acuson, Mountain View, CA, U.S.A.)
was placed to obtain views of the diseased aorta. Both
transverse and longitudinal planes of the aortic arch
and descending thoracic aortic segments were imaged.
The aortic pathology was confirmed by TEE and the
proximal and distal extents of the intrathoracic lesion
were defined. Doppler colour-flow imaging was used
to identify flow patterns through the aorta before and
after stent-graft deployment.
Fluoroscopy and TEE provided guidance for precise
positioning of the device across an aortic lesion. Prior
to stent-graft placement, a scout angiogram was ob-
Fig. 1. Long axis image of distal thoracic aorta of patient #1 during
tained as a road-map for further preliminary endograft stent-graft delivery system insertion. The cephalad direction is to
the right, caudal is to the left, and the apex of the image is thepositioning. In order to minimise the patients’ an-
anteromedial aspect of the descending aorta. The stent-graft is seengiographic contrast exposure, TEE was used in ad-
tranversing the aorta in a caudal to cephalad direction. The proximal
dition to fluoroscopy to confirm that the angiography end stent-graft may be differentiated from the delivery system by
the sudden change in echodensity at the interface between thecatheter was properly located proximal to the aortic
endograft/delivery system boarder (arrow). This interface is at thepathology. While the long axis view may be used
aneurysm neck and does not occlude the large intercostal artery.
to aid in angiography catheter and delivery device
placement, these devices may not be visualised if they
are not in the precise plane of the ultrasonic beam. In shadow that is cast by the metallic stent (Fig. 1). By
distinguishing the stent-graft from the delivery system,order to provide imaging of the entire cross section of
the aorta, short axis images through the aorta were TEE was used to ensure that the endograft bridged the
diseased aortic segment. Since dense highly echogenicused to confirm this catheter and delivery device
positioning. materials can cause side-lobes, the TEE plane was
occasionally rotated 90 degrees in the neck of theThe endovascular stent-graft delivery system and
stent-graft are a unit inserted transfemorally over a aneurysm to confirm that the endograft is located in
the correct position. Although TEE could visualisestiff guidewire into the aorta. During guidewire and
delivery device positioning and eventually stent-graft the undeployed stent-graft in relation to the aortic
pathology, there was significant interference by thedeployment, TEE and fluoroscopy were used to assist
in proper device placement. The stent-graft delivery TEE probe during fluoroscopy; therefore, TEE could
only be used between fluoroscopic examinations. Aftersystem was distinguished from the guidewire by their
differences in thickness and echogenicity. Similarly stent deployment TEE confirmed proper placement of
the endovascular stent-graft across the diseased aorta.the stent-graft was distinguished from the stent-graft
delivery system by its unique echogenic pattern and Colour-flow Doppler was used to exclude the presence
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of any persistent leaks originating at the endograft grafts can be inserted via more distal arterial sites.
Despite the markedly less invasive nature of thesemargins from the central aortic flow into the aneurysm
or pseudoaneurysm. device insertions, the procedures are still associated
with a significant risk of morbidity and mortality.13–17
With the rapid evolution of ultrasound technology
and the advent of TEE, perioperative dynamic views
Results of cardiovascular systems are now obtainable that
have previously been unavailable by conventional
Visualisation of the diseased aorta by ultrasonography transthoracic ultrasonography. With the oesophagus
was accomplished in all patients. TEE was able to in close approximation to the aorta, TEE has become
confirm proper placement of the endograft relative to an excellent tool for diagnosing aortic pathology. In
the aortic lesion after deployment and was able to the present report we describe the use of TEE for
confirm exclusion of blood flow into the aneurysm intraoperative evaluation of thoracic and thoraco-ab-
sacs. dominal aortic endoluminar repair.
The angiogram and TEE of patient #2 are reproduced TEE can provide instantaneous views of the aorta
in Figs 2a–f. The aortic arch and proximal descending and location of the guidewires and endografts prior
thoracic aortic segments were visualised. A dis- to deployment in relation to the normal and diseased
continuity was seen in the wall of the distal aortic thoracic aorta. This imaging modality can also evaluate
arch with entry into another contiguous space, which the endograft location and its success in excluding the
was consistent with a pseudoaneurysm (Figs 2a–b). diseased aorta from the central aortic flow. In the
Colour-Doppler flow imaging demonstrated low ve- present series, TEE accurately confirmed previous
locity blood flow from the aorta entering the neck of angiographic studies delineating aortic pathology. We
this pseudoaneurysm, indicating that this was a non- accurately visualised pathology in the distal aortic
restrictive communication. During device ma- arch as well as in the distal descending thoracic aorta.
nipulations, the stent-graft delivery system was visu- Large intercostal arteries have been imaged, thus
alised as a thick echodense structure, while the avoiding inadvertent obstruction by the aortic stent-
“pigtail” catheter used for perioperative angiography graft; however, consistent visualisation of intercostal
was seen as two parallel lines (Figs 2c–d). During arteries may not be assured in all patients. After stent-
device deployment, TEE imaging demonstrated cor- graft placement, exclusion of flow from the aorta into
rect placement of the endograft. Subsequent Doppler the aneurysm can usually be easily confirmed using
colour-flow imaging and angiography provided con- colour-Doppler flow imaging. Lastly, since most of
clusive evidence that central aortic flow was excluded these patients have severe concomitant cardiac disease,
from the pseudoaneurysm (Figs 2e–f). TEE allowed dynamic assessments of cardiac function.
TEE was also useful for imaging the longitudinal Perioperative angiography is associated with some
axis of the thoracic aorta including side-branches. In major limitations and risks. Using contrast material,
Figs 3a–b, an intercostal artery is clearly visualised by a road-map is created and the image is displayed.
TEE. In addition to demonstrating proper endograft Subsequent real-time images are superimposed onto
placement relative to the aneurysm, TEE confirmed this road-map to direct placement of the endograft.
patency of the large intercostal artery (Fig. 3b). Patient movement from respirations or other causes
may cause image misregistration and result in small
errors in the final placement of the endograft. The
volume of contrast agent used during these procedures
Discussion may be substantial and may increase the risk of renal
damage. Finally, there may be a significant amount of
In 1991, Parodi et al. described an alternative technique radiation exposure with the use of fluoroscopy if the
for repairing abdominal aortic aneurysms using an procedure is prolonged.
endovascular stent-graft prosthesis placed via a trans- Although TEE can not replace the use of peri-
femoral approach.7 Since his early work, this tech- operative fluoroscopy, it can provide complementary
nology has been applied to the treatment of peripheral information. TEE may confirm exact vessel and lesion
artery aneurysms,8,9 diffuse aorto-iliac occlusive dis- sizing and localisation, which is difficult to obtain
ease,10 traumatic arterial injuries,11 and descending during single plane angiography. Incomplete exclusion
thoracic aortic aneurysms.6,12 Endovascular aortic re- of aneurysms by the endograft as well as iatrogenic
pair have the distinct advantage of being less invasive aortic dissection may be difficult to detect by angio-
graphy. In contrast to angiography, both leakage asthan conventional arterial reconstructions, because
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Fig. 2(a–d). For legend see over.
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Fig. 2. (a) Baseline angioigram and (b) TEE baseline longitudinal image of the aortic arch and proximal descending thoracic aorta of
patient #2. In this TEE image, the cephalad direction is to the right, caudal is to the left, and the apex of the image is the anteromedial
aspect of the descending aorta. The aortic arch (Arch) and descending aorta (Desc Ao) are appropriately labelled. A discontinuity is seen
in the distal arch with a communication anteriorly into another contiguous space, which is consistent with a pseudoaneurysm (Aneu).
The colour-flow Doppler imaging represented by the variated area demonstrates low velocity blood flow from the aorta entering the neck
of this pseudoaneurysm. (c) Angiogram and (d) TEE longitudinal image of aortic arch during stent-graft manipulation of patient #2. The
endograft is the larger echogenic tube indicated by the arrow head, and the angiographic “pigtail” catheter is indicated by the arrow tail.
(e) Angiogram and (f) TEE longitudinal image of aortic arch after stent-graft deployment of patient #2. The presence of the metallic
component of the stent-graft interferes with imaging of deeper structures, precluding detailed imaging of the central aortic lumen. Since
the aortic pseudoaneurysm is closer to the ultrasonic probe than the metallic component of the stent, colour-flow Doppler clearly indicates
no flow into aortic pseudoaneurysm flow passing from the central aortic lumen (variated region) through the stent-graft (arrow).
Fig. 3. Baseline longitudinal image of a distal thoracic aneurysm. The cephalad direction is to the right and caudal is to the left. (a) The
normal aortic segment is visualised at the right with a large intercostal originating in the posterior aspect of the proximal segment and
an aneurysmal dilation is imaged distally. (b) Flow in the intercostal artery is demonstrated with colour-flow Doppler.
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